libitum. In all instances, mice were 8 to 12 weeks of age when used in experiments. Animals were cared for and used according to the Public Health Service Guide for the Care and Use of Laboratory Animals.
All strains of L. monocytogenes were maintained in tryptose phosphate broth (Difco Laboratories Detroit, Mich.) with 20% glycerol at -70°C. Before each experiment, an aliquot was thawed, inoculated into 5 ml of tryptose phosphate broth, and incubated overnight at 37°C. The next morning the contents of this culture were inoculated into a flask containing 30 ml of fresh tryptose phosphate broth and incubated at 37°C until visibly turbid. To obtain a culture grown at 4°C, the overnight culture was similarly inoculated into fresh tryptose phosphate broth and incubated at 4°C for approximately 1 centrifugation; enumerated by turbidometric readings, using a previously determined standard curve; and resuspended in pyrogen-free saline at the appropriate concentration. Mice were anesthetized with an intraperitoneal injection of sodium pentobarbital and then inoculated i.g. with 2 x 109 L. monocytogenes cells in 0.4 ml of pyrogen-free saline by using an infant feeding tube (3.5 French) as described previously (4) . This challenge dose was chosen because with hemolytic L. monocytogenes EGD, it results in a solid sublethal infection in all animals inoculated (4, 10; unpublished observations). We have previously determined that intraperitoneal injection of sodium pentobarbital does not influence the severity of listeriosis in mice (4) . The bacterial burdens in various organs of the mice were determined as described previously (4) . Mice were sacrificed by cervical dislocation, and their spleens, mesenteric lymph nodes, and portions of the livers and ceca were removed to separate sterile-glass tissue grinders that contained cold pyrogen-free saline. The spleens, livers, and mesenteric lymph nodes were thoroughly homogenized, serially diluted, plated on Trypticase soy agar with 5% sheep blood (Baxter, Chicago, Ill.), and incubated at 37°C for 24 h. The ceca and their contents were similarly homogenized, diluted in pyrogenfree saline, and then plated on a differential selective agar (17) that was incubated at 37°C for 47 to 72 h. Results are expressed as the mean + standard error of the mean CFU of L. monocytogenes per organ.
Three strains of L. monocytogenes, i.e., the parental hemolytic wild type (1 wk 39), a nonhemolytic mutant (DP-L215), and a hemolytic revertant of this mutant (DP-L291), were generously provided by D. Portnoy (Philadelphia, Pa.) and used in this study (12, 16) . It is not known whether strain DP-L215 is a true null mutant or produces a truncated, inactive hemolysin (D. Portnoy, personal communication). In our first experiment, we compared the abilities of these three strains to establish systemic infection of the spleen and liver after i.g. inoculation ( Fig. 1 ). When the mice were sacrificed at 72 h postinoculation, we recovered similar and substantial numbers of the wild-type and revertant strains from the spleens and livers, whereas in contrast, the nonhemolytic mutant was not recovered from the spleen or liver of any mouse (4) . All three inoculants exhibited a similar poor ability to survive within the cecum, being largely eliminated within 4 to 6 days ( Fig. 2A) . However, we recovered only a few viable nonhemolytic L. monocytogenes from the mesenteric lymph nodes at any time (Fig.  2B) , which suggests either that the mutant did not translocate across the intestinal epithelium or that it did not survive after having done so. As a result, the nonhemolytic mutant was unable to establish a systemic infection in either the spleen (Fig. 2C) or the liver (Fig. 2D) . In contrast, the parental hemolytic strain was recovered in substantial numbers from the mesenteric lymph nodes, spleens, and livers at 2 through 6 (5, 7, 9, 12, 16) and to its virulence after parenteral inoculation in vivo (2, 12) . The results of the present study extend these observations to experimental infection of the gastrointestinal tract, which is likely to be the predominant route of natural infection (1, 14) . Nonhemolytic and hemolytic L. monocytogenes did not differ in their abilities to survive in the gastrointestinal tract; both were eliminated in 4 to 6 days after i.g. inoculation. Nonhe molytic L. monocytogenes were rarely recovered, and then in low numbers, from the mesenteric lymph nodes, spleens, and livers after i.g. inoculation. In contrast, i.g. inoculation of the hemolytic parental strain resulted in substantial infection of these organs, as has been described previously for hemolytic wild-type L. monocytogenes in guinea pigs (13), mice (4, 10, 11, 17) , and rats (3) .
The results of this study do not allow us to explain how hemolytic L. monocytogenes traverses the gut epithelium. Previous in vivo (13) and in vitro (5) studies have described the ability of L. monocytogenes to invade and multiply within intestinal epithelial cells. Other workers have proposed that the major route of invasion of L. monocytogenes after i.g. inoculation was through the Peyer's patches and other gut-associated lymphoid tissues (10) . The inability of nonhemolytic L. monocytogenes to infect the mesenteric lymph nodes, spleen, and liver may reflect its inability to attach to and invade gut epithelial and lymphoid cells. Existing evidence suggests, however, that the hemolysin is principally involved in intracellular survival and multiplication rather than in the initial invasion of cells (9, 12) and that some other determinant may regulate cell invasion (8 rial burden in the spleen and liver. Although these results are modest, it might be possible to develop strategies (repeated administration, use of adjuvants, etc.) to use avirulent nonhemolytic L. monocytogenes to protect against gastrointestinal listeriosis. 
